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Abstract
Background: Glioblastoma multiforme (GBM) is the most lethal primary brain tumors which remains difficult to
cure despite advances in surgery, radiotherapy and chemotherapy. Therefore, the development of new drug is
urgently needed. α-carboline derivatives were usually isolated from marine animals such as Britannia marine tunicate
Dendrodoa grossularia and Indonesian ascidian Polycarpa aurata. In this study, we have synthesized several α-carboline
compounds and examined their anti-glioma activities.
Results: We report that among α-carboline derivatives TJY-16 (6-acetyl-9-(3,4,5-trimethoxybenzyl)-9H-pyrido[2,3-b]
indole) is the most potent α-carboline analog to induce glioma cell death with IC50 value of around 50 nM. TJY-16
decreased cell viability of glioma cells in a concentration- and time-dependent manner. Trypan blue exclusion assay
showed that the reduction of cell viability was due to both cell growth inhibition and cell death. Flow cytometric
analysis showed that TJY-16 induced G2/M cell cycle arrest followed by induction of sub-G1 phase. Hoechst staining
detected the apoptotic features such as nuclear shrinkage and DNA condensation. Western blot analysis showed the
increased level of cleaved caspase-3. The activation of caspase-8 and depolarization of mitochondrial membrane
potential (ΔΨm) indicated that both extrinsic and intrinsic apoptotic pathways were involved in TJY-16-induced
apoptosis. TJY-16 effectively inhibited tumor growth and induced caspase-3 activation in the xenograft tumor
model of U87 glioma cells.
Conclusions: Our results suggest that TJY-16 may kill glioma cells by inducing G2/M cell cycle arrest followed by
apoptosis. Thus, TJY-16 is a promising agent for the treatment of malignant gliomas.
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Background
Glioblastoma multiforme (GBM), an astrocytic origin of
glioma, is among the most common and malignant sub-
type [1]. Despite the relative low incident rate, the highly
invasive nature of GBM still leads to a disproportionately
high mortality. After receiving optimal treatment, the me-
dian survival rate of patients bearing GBM is still less than
15 months [2, 3] with a 5-year survival rate of less than
5 % [4]. Temozolomide, a Blood Brain Barrier-permeable
DNA alkylating agent [5], is the first line chemotherapy
for treating GBM nowadays. Unfortunately, recurrence of
GBM after standard therapies is almost inevitable [6, 7]
highlighting an imperative need to develop novel strat-
egies for the treatment of GBM.
Carboline is a nitrogen-containing heterocyclic com-
pound that consists of two isoforms:α-carboline and β-
carboline. β-carboline alkaloids have been found to exhibit
several pharmacological effects like anti-cancer [8–10],
anti-malaria [11], anti-dopaminergic activity [12]. In con-
trast, the studies of α-carboline derivatives were limited
[13, 14]. α-carboline derivatives were usually isolated from
marine animals such as Britannia marine tunicate Dendro-
doa grossularia 14 and Indonesian ascidian Polycarpa
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aurata [15]. We have synthesized a series of α-carboline
compounds in which TJY-16 (previously termed HAC-Y6)
has been shown to display potent anti-cancer activity
against hepatocellular carcinoma cells (HCC) in vitro
through disrupting microtubule assembly, causing cell
cycle arrest and apoptosis [16]. In this study, we examined
their anti-glioma activities.
Cell cycle is a complex process controlled by numer-
ous regulatory proteins that ensure the accuracy of DNA
replication and division [17, 18]. Dysregulation of cell
cycle and cellular proliferation causes unrestrained cell
growth and cancer development [19]. The G2 checkpoint
allows the cell to repair DNA damage before entering
mitosis. Defects in the G2/M arrest checkpoint may
allow a damaged cell to enter mitosis and undergo apop-
tosis, and efforts to enhance this effect may increase the
cytotoxicity of chemotherapy. In the present study, we
investigated the effect of synthetic α-carboline deriva-
tives on malignant glioma cells. We found that TJY-16-
induced cell death was associated with G2/M cell cycle
arrest followed by induction of sub-G1 phase. Hoechst
staining detected the nuclear shrinkage and DNA con-
densation that were typical characteristics of apoptosis.
TJY-16 effectively inhibited tumor growth and induced
apoptosis in the xenograft animal model of U87 human
glioma cells. Thus, TJY-16 seems to be a promising
agent for the treatment of malignant gliomas.
Methods
Cell culture and reagents
The human glioma cell lines U87, U251, T98G provided
by Dr. Michael Hsiao (Genomics Research Center, Aca-
demia Sinica, Taiwan) were cultured in Dulbecco’s Modi-
fied Eagle medium (DMEM, Caisson) supplemented with
10 % fetal bovine serum (FBS, Sigma-Aldrich), 2 mM L-
glutamine (Caisson), 100 U/ml penicillin, and 0.1 mg/ml
streptomycin (Caisson). The rat glioma C6 cell line pro-
vided by Dr. Shun-Fen Tzeng (National Cheng Kung Uni-
versity, Taiwan) was cultured in DMEM/F12 (Caisson)
supplemented with 10 % fetal bovine serum, 2 mM L-glu-
tamine, 100 U/ml penicillin, and 0.1 mg/ml streptomycin.
The human normal glia cell line SVGP12, kindly provided
by Dr. Michael Hsiao was cultured in Minimum Essential
Medium (MEM, Invitrogen) supplemented with 10 % fetal
bovine serum, 2 mM L-glutamine, 100 U/ml penicillin,
and 0.1 mg/ml streptomycin. All cells were maintained in
a humidified atmosphere containing 5 % CO2 at 37 °C.
TJY-13, TJY-14, TJY-16, TJY-18, TJY-22, TJY-24 provided
by Dr. Li-Jiau Huang (China Medical University, Taiwan)
were dissolved in dimethylsulfoxide (DMSO).
Animal study
All mice in this study were BALB/cAnN.Cg-Foxn1nu/
CrlNarl mice purchased from the National Laboratory
Animal Center (NLAC). Mice were housed in individual
plastic cages with controlled temperature (22 ± 2 °C) and
humidity (55 ± 5 %) and were kept on a 12 h/12 h light/
dark cycle, and were given free access to water and food.
Care and use of laboratory animals were in accordance
with National Institutes of Health (NIH) guidelines. All
procedures were approved of the Institutional Animal
Care and Use Committee of the College of Medicine,
NCKU with project approval number (#103041).
For tumorigenesis, U87 glioma cells (1 × 106 cells in
l00 μL PBS) were inoculated subcutaneously into the
right flank of 8 to 10-week-old male nude mice (nu/nu
BALB-c) which were purchased from National Labora-
tory Animal Center. Tumor volume was measured every
three days and body weights were measured once per week.
Tumor volume was calculated by volume(mm3) = (length ×
width2)/2 [20]. When the tumors reached a mean volume
of 40 to 80 mm3, TJY-16 (24 mg/kg in saline) was injected
intraperitoneally once per day for 10 days and TMZ
(80 mg/kg in saline) was administered orally for 5 days.
WST-1 assay
5x103 glial cells or 2x103 glioma cells per well were
seeded in 96-well plates and allowed to attach overnight
at 37 °C. Culture medium containing vehicle or drugs
was added to the medium in each well, and cells were
incubated at 37 °C for indicated time points. Cell prolif-
eration was determined by WST-1 which is a colorimet-
ric assay of cell viability that is based on the enzymatic
cleavage of the tetrazolium salt WST-1 by mitochondrial
dehydrogenases. The water-soluble formazan dye can be
detected by absorbance at 420–480 nm. At indicated time
points, medium were removed, and then fresh culture
medium (100 μL/well) with WST-1 solution (10 μL/well)
were added. After the plate was incubated for 0.5–4 h at
37 °C, the absorbance of soluble formazan was measured
at 440 nm with a microplate reader (Molecular device).
Cell viability was presented as the percentage of survival
relative to vehicle-treated control.
Trypan-blue exclusion assay
Cell viability was also determined by trypan-blue exclusion
assay. Trypan-blue (Sigma) exclusion assay is a simple and
rapid method measuring cell viability that determines the
number of viable cells and dead cells. It is based on the
principle that live cells with an intact membrane are able
to exclude the dye whereas dead cells without an intact
membrane take up the dye. 2x104 cells per well were
seeded in 6-well plates and allowed to attach overnight at
37 °C. Culture medium containing vehicle or drugs was
added to each well, and cells were incubated at 37 °C. At
indicated time points (0, 24, 48, 72, 96 h), cells were sus-
pended with 0.05 % trypsin-EDTA, and stained with
trypan-blue dye (0.4 %). The unstained (viable) and stained
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(dead) cells were separately counted in the hemocytometer.
The cell growth curve was determined by live cells relative
to the total number of cells, and cell death (%) was evalu-
ated by the percentage of death relative to the total cells.
Cell cycle analysis
1x105 glioma cells per well were seeded in 6-well plates
and allowed to attach overnight at 37 °C. Culture medium
containing vehicle or drugs was added to the medium in
each well, and cells were incubated at 37 °C for indicated
time points. At indicated time points, cells were trypsi-
nized and suspended with ice cold PBS and fixed in 70 %
ethanol at −20 °C overnight. After fixation, the cells were
washed twice with ice cold PBS and were centrifuged at
1,000 rpm for 5 min at 4 °C. Finally, the cells were resus-
pended in 1 ml PI/Triton-X 100 solution (0.1 % Triton-X
100, 0.2 mg/ml RNase A and 20 μg/ml propidium iodide
in PBS) for 30 min in the dark. Cell cycle distribution was
analyzed from 10,000 cells in a FacScan flow cytometer
(BD Biosciences). The percentage of cells in different
phases was analyzed by WinMDI software.
Detection of mitochondrial membrane potential by JC-1
staining
1x105 glioma cells per well were seeded in 6-well plates
and allowed to attach overnight at 37 °C. Culture medium
containing drugs was added to the medium in each well,
and cells were incubated at 37 °C for indicated time points.
At indicated time points, cells were collected by centrifuga-
tion for 5 min at 400 × g at 4 °C and resuspended in JC-1
(5,5’,6,6’-tetrachloro- 1,1’,3,3’-tetraethylbenzimidazolcarbo-
cyanine iodide, BD Biosciences) working solution. The cells
were incubated for 10 ~ 15 min at 37 °C in CO2 incubator,
washed twice with 1x assay buffer, resuspended in 500 μl
1x assay buffer, and analyzed immediately by FacScan flow
cytometer (BD Biosciences). JC-1 fluorochrome is rapidly
taken up by healthy mitochondria (polarized), leading to
the formation of JC-1 aggregates which emit red fluores-
cence at 590 nm. However, JC-1 does not accumulate in
unhealthy mitochondria (depolarized) and remains in
the cytoplasm as monomers which emit green fluores-
cence at 527 nm. The changes in mitochondrial mem-
brane potential were measured by the ratio of the red
to green JC-1 fluorescence.
Hoechst Staining
5x104 glioma cells per well were seeded in 12-well plates
and allowed to attach overnight at 37 °C. Culture
medium containing drugs was added to the medium in
each well, and cells were incubated at 37 °C for 24 h. At
24 h, the supernatant was discarded and the cells were
washed twice with ice cold PBS. Then cells were fixed
with 4 % paraformaldehyde in PBS for 10 min at room
temperature. After washing twice with PBS, cells were
incubated with Hoechst 33342 (0.1 μg/ml, Sigma-
Aldrich) for 10 min at room temperature in the dark.
Fluorescence images were detected by Leica DM IL
microscope with NIKON P6000 camera.
Western blotting assay
6x105 cells were seeded in 10 cm plates and allowed to at-
tach overnight at 37 °C. Glioma cells were treated with
medium containing TJY-16 50 nM or vehicle. At indicated
time, cell pellets were collected and centrifuged at
4,000 rpm and stored at −20 °C. Drugs- or vehicle-treated
cell pellets were lysed in a lysis buffer containing 50 mM
Tris–HCl, pH 7.4, 150 mM NaCl, 1 % Nonidet P-40,
0.25 % sodium deoxycholate, 0.1 % SDS, protease inhibitor
(Roche) and phosphatase inhibitor (Roche). After lysates
centrifuged at 13000 rpm for 30 min at 4 °C, supernatants
were collected, loaded on the wells of SDS-polyacrylamide
gel. Then, transferred separated proteins to a PVDF mem-
brane (Immunobilon transfer membranes, Millipore) by
semi-dry transfer system (BIO-RAD). The membrane was
then immersed in 5 % nonfat dry milk for 60 min at room
temperature followed by reacting with primary antibo-
dies:rabbit monoclonal caspase-3, rabbit monoclonal
caspase-8, rabbit monoclonal BID (Cell Signaling Tech-
nology), mouse monoclonal α-tubulin (Sigma-Aldrich),
mouse monoclonal β-actin (Millipore) at 4 °C overnight.
Then the membrane was incubated with HRP-conjugated
secondary antibodies (Jackson ImmunoResearch Lab.,
USA) for 1 h. Chemiluminescent detection was performed
using the western blot chemiluminescence reagent system
(Perkin-Elmer, NEL103001EA). X-ray films were exposed
at different time points to ensure the optimum density,
but not saturated.
Statistical analysis
Experiments were performed at least in triplicate. Data
were presented as mean ± standard error of the mean
(SEM). Independent experiments were analyzed by un-
paired t test. P < 0.05 was considered statistically significant.
Results
α-carboline derivatives inhibit glioma cell viability
To investigate the effects of α-carboline analogs on cell
proliferation, C6 rat glioma cells and U87, T98G and
U251 human glioma cells were treated with various con-
centrations of TJY-13, TJY-14, TJY-16, TJY-18, TJY-22
and TJY-24 for 48 h and cell viability was assessed by
WST-1 assay. As shown in Fig. 1a, the cell viability was
effectively inhibited by α-carboline analogs. Table 1
showed the structure of TJY-16 and the IC50 values of α-
carboline analogs and IC50 value of TJY-16 was compar-
ably lower than other α-carboline analogs. Since TJY-16
was the most potent compound, we further investigated
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Fig. 1 The effects of α-carboline derivatives on glioma cell lines. a Concentration-dependent effects of TJY-13, TJY-14, TJY-16, TJY-18, TJY-22 and
TJY-24 in C6, U87, T98G, and U251 glioma cell lines. Cells were treated with various concentrations of drugs for 48 h and cell viability was determined
by WST-1 assay. b Concentration- and time-dependent reduction of cell viability in C6, U87, T98G, and U251 glioma cells by TJY-16
Huang et al. Journal of Biomedical Science  (2016) 23:10 Page 4 of 11
its concentration- and time-dependent effects on C6,
U87, T98G and U251 glioma cells (Fig. 1b).
Trypan blue exclusion assay is frequently used to de-
termine the number of viable and dead cells presented
in a cell suspension [21]. As shown in Fig. 2a, TJY-16
treatment rmarkedly suppressed cell growth curve com-
pared with control (without any treatment) or vehicle
treatment in C6, U87, T98G, U251 glioma cell lines. In
parallel, the percentage of cell death increased signifi-
cantly (Fig. 2b).
TJY-16 causes cell cycle arrest at G2/M phase in glioma cells
Several studies have demonstrated that there are various
molecular linkages between cell death and cell cycle ar-
rest [19]. We examined the effect of TJY-16 on cell cycle
distribution. U87, T98G glioma cells, treated with 50 nM
TJY-16 for the indicated times, were stained with propi-
dium iodide (PI) and cell cycle distribution was moni-
tored by flow cytometry. FACS analysis revealed that
12 h of TJY-16 treatment significantly increased the per-
centage of cells in the G2/M phase (Fig. 3a). In addition,
24 to 48 h after TJY-16 treatment, the percentage of cells
in the sub-G1 phase was significantly increased (Fig. 3a).
The quantifications of sub-G1 and G2/M phase in U87
and T98G cells were shown in Fig. 3b.
Both extrinsic and intrinsic apoptotic pathways are
involved in TJY-16-induced cell death
We used Hoechst staining to detect the characteristics
of apoptosis. Microscopy images of TJY-16-treated cells
showed apoptotic features such as nuclear shrinkage and
DNA condensation (Fig. 4a). Moreover, treatment of
TJY-16 for 24 h induced caspase-3 activation (Fig. 4b).
Depending on the origin of stress, apoptotic response is
through two major pathways: the extrinsic (death recep-
tor) and the intrinsic (mitochondrial) pathways [22].
Once the extrinsic pathway is activated, procaspase-8 is
cleaved which then triggers caspase-3 activation. Thus,
we measured the protein level of caspase-8. Figure 4c re-
vealed that cleaved caspase-8 was increased at 24 h after
treatment with TJY-16 in U87 glioma cell. BID is a pro-
apoptotic protein of the Bcl-2 family which is down-
stream of caspase-8 [23]. We found that truncated BID
(tBID) also was increased in TJY-16-treated U87 glioma
cell (Fig. 4c). In the intrinsic pathway, loss of mitochon-
drial membrane potential (ΔΨm) plays an important role
which leads to release of cytochrome c and other pro-
apoptotic factors. Therefore, we used JC-1 staining to
detect mitochondrial membrane potential (ΔΨm) follow-
ing TJY-16 treatment. As shown in Fig. 4d, TJY-16-treated
cells had lower red/green ratio compared to control, indi-
cating mitochondrial membrane potential (ΔΨm) was
Table 1 Structures and IC50 values of α-carboline derivatives against glioma cells
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Fig. 2 Effects of TJY-16 on glioma cell growth and cell death. a C6, U87, T98G and U251 glioma cells were treated with 50 nM TJY-16 for the indicated
times and cell growth curve was determined by trypan blue exclusion assay. b C6, U87, T98G and U251 glioma cells were treated with 50 nM TJY-16
for the indicated times and cell death was determined by trypan blue exclusion assay. (mean ± SEM, n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. control
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depolarized after treatment with TJY-16. As reduction
of red/green ratio was considered to be an indicator of
loss of mitochondrial membrane potential (ΔΨm), the
quantification of ΔΨm was expressed as the ratio of
red/green JC-1 fluorescence (Fig. 4d bottom). Taken to-
gether, these data implied that TJY-16-induced glioma
cell death involved both extrinsic and intrinsic apop-
totic pathways.
TJY-16 inhibits growth of subcutaneous tumors by inducing
apoptosis
We determined whether TJY-16 inhibited growth and in-
duced apoptosis in U87 glioma cells in vivo. Nude mice
were inoculated subcutaneously with 1 × 106 U87 glioma
cells. When tumor volume reached 40 to 80 mm3, TJY-16
(24 mg/kg) was injected intraperitoneally once per day for
10 days whereas TMZ (80 mg/kg) was orally administered
once per day for 5 days. Tumor growth was observed for
20 days after the cessation of treatment. Twenty days after
the cessation of drug injection, tumor growth was signifi-
cantly inhibited by TJY-16 (Fig. 5a, 5b). To examine
whether TJY-16 induced apoptosis in vivo, we exam-
ined the expression of cleaved caspase-3. As shown in
Fig. 5c, expression of cleaved caspase-3 increased sig-
nificantly in tumors treated with TJY-16. These results
suggested that TJY-16-mediated tumor growth inhib-
ition in vivo was associated with apoptotic cell death.
TJY-16 did not affect the body weight of the mice
(Fig. 6a). Furthermore, histological phenotypes in brain,
heart, lung, stomach, intestine and kidney were not
changed in TJY-16-treated mice compared to healthy
mice (Fig. 6b).
Fig. 3 TJY-16 caused glioma cells G2/M arrest and cell death. a U87 and T98G glioma cells were treated with TJY-16 (50 nM) for the indicated
times and cell cycle distributions were monitored by flow cytometry with propidium iodide staining. b Quantification of sub-G1 and G2/M phase
were analyzed by WinMDI software (mean ± SEM, n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. control
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Fig. 4 TJY-16-induced cell death involves both extrinsic and intrinsic apoptotic pathways. a U87, T98G and U251 glioma cells were treated with
50 nM TJY-16 for 24 h and morphology was analyzed with Hoechst 33342 staining. Apoptotic cells increased after the treatment with TJY-16.
b Western blotting analysis of caspase-3 activation in U87 glioma cells treated with TJY-16 (50 nM) for the indicated times. c Western blotting analysis
of caspase-8 and BID activation in U87 glioma cells treated with TJY-16 (50 nM) for the indicated times. d U87 glioma cells were treated with 50 nM
TJY-16 for indicated times, mitochondrial membrane potential (ΔΨm) were measured with JC-1 dye and flow cytometry. ΔΨm changes were analyzed
by the ratio of the red to green JC-1 fluorescence (bottom, mean ± SEM, n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. control
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Discussion
In the present study, we aimed to evaluate the anti-
glioma activity of novel α-carboline derivatives which
were synthesized from the laboratory [24]. Using WST-1
assay, we found TJY-16 was the most potent α-carboline
derivatives in inhibiting glioma cell lines. TJY-16 reduced
cell viability of C6, U87, T98G and U251 glioma cells in
a time- and concentration-dependent manner with IC50
values around 50 nM. Using trypan blue exclusion assay,
we found that TJY-16 inhibited cell growth of C6, U87,
T98G and U251 cells. Interestingly, cell death occurred
in three human glioma cells whereas it was not observed
in C6 rat glioma cell. Thus, we raised the dose of TJY-16
to 90 nM to determine whether cell death could be induced
by high dose of TJY-16. The flow cytometric analysis re-
vealed that G2/M arrest was still observed in contrast to
failure of sub-G1 production (data not shown). However,
we noted that there were numerous >4 N DNA content cell
population, suggesting polyploidy or aneuploidy formation.
These genomic instabilities (polyploidy and aneuploidy)
have been demonstrated to be associated with mitotic ca-
tastrophe or senescence [25–27]. In the present study, we
did not perform SA-beta-gal staining. In the future study,
we will use SA-β-gal staining to detect abnormal spindle
formation to prove mitotic catastrophe was involved in
TJY-16-induced anti-tumor effects in C6 gliomas.
To examine whether glioma cell death was associated
with cell cycle dysregulation, cells were stained with PI
to detect DNA content for analysis of cell cycle distribu-
tions. U87 and T98G cells accumulated at G2/M phase
after 12 h treatment of TJY-16 which was followed by an
increase in sub-G1 phase at 24 to 48 h treatment. Recent
Fig. 5 TJY-16 inhibits the growth of glioma cells in vivo by inducing apoptosis. a 1 × 106 U87 glioma cells inoculated subcutaneously into the right
flank of nude mice (n = 6 for each group). When the tumors reached 40 to 80 mm3 in volume, TJY-16 (24 mg/kg) were administered intraperitoneally
every 24 h for 10 days and tumor volume was measured for another 20 days after the cessation of treatment. Temozolomide (TMZ, positive control)
was given orally once per day for 5 days. *P < 0.05 vs. control. b Mice with xenograft U87 tumors were photographed after treatment with TJY-16 or
control. c Western blots showed induction of caspase-3 activation at day 22 and day 42
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studies have proposed that cell cycle arrest can ultim-
ately cause apoptosis. These results suggest that TJY-16
induced G2/M arrest followed by accumulation of sub-
G1 phase leading to cell death [28, 29]. In addition, U87,
T98G and U251 cells exhibited chromatin condensation
and elevated levels of cleaved caspase-3 in U87 cells
after treatment with TJY-16 suggesting that TJY-16-
induced cell death was through apoptosis.
By showing the increased levels of cleaved caspase-8
and truncated BID (tBID), we demonstrated that extrin-
sic apoptotic pathway was involved in TJY-16-induced
apoptosis. Additionally, by JC-1 staining, we found the
ΔΨm decreased in a time-dependent manner after treat-
ment with TJY-16. The changes in ΔΨm revealed that
TJY-16 caused mitochondrial dysfunction. Based on the
above observations, we concluded that both extrinsic
and intrinsic apoptotic pathway were elicited by TJY-16.
It has been demonstrated that there is a crosstalk be-
tween extrinsic and intrinsic apoptotic pathway. BID,
one of Bcl2 family members, is the key role of this
“crosstalk” [30]. When extrinsic apoptotic pathway is ac-
tivated, full-length BID is cleaved by caspase-8. Then,
truncated BID (tBID) translocates to mitochondria and
propagates apoptotic signals to mitochondria followed by
intrinsic apoptotic pathway [31]. In this study, we found
that both extrinsic and intrinsic apoptotic pathways were
activated but the intrinsic apoptotic pathway was activated
directly by TJY-16 or indirectly as a result of tBID trans-
location to mitochondria remains to be determined.
Our results clearly showed that TJY-16 had anti-glioma
effects through G2/M arrest and apoptosis in vitro. In
order to verify the effects of TJY-16 in vivo, nude mice
were inoculated subcutaneously with U87 glioma cells.
Treatment with TJY-16 (24 mg/kg i.p.) for continuous
10 days significantly reduced tumor volume without af-
fecting the body weights of nude mice. Furthermore, H&E
staining of the organ showed that the histological sections
of brain, heart, lung, stomach, intestine and kidney were
not different between TJY-16-treated and healthy mice.
TJY-16 (previously termed HAC-Y6) has been shown to
display potent anti-cancer activity against hepatocellular
carcinoma (HCC) and COLO205 cells in vitro through
disrupting microtubule assembly, causing cell cycle arrest
and apoptosis [16, 32]. Here, we for the first time demon-
strated that TJY-16 was effective in inhibiting tumor
growth and induced caspase-3 activation in the xenograft
tumor model of U87 glioma cells. Temozolomide (TMZ)
is an oral chemotherapy drug. It is an alkylating agent
used as a first-line treatment for glioblastoma multiforme.
Previous study has shown that TMZ at doses of 80 mg/kg
or 120 mg/kg administered orally on five consecutive days
significantly delay the tumor growth against brain tumor
Fig. 6 TJY-16 does not significantly influence body weight and cause organ toxicity. a The body weights of mice were measured once per week
until the end of experiment. There were no significant differences between control and TJY-16-treated mice. b Hematoxylin and eosin (H&E) staining
of tissue sections of brain (hippocampus), heart, lung, stomach, intestine and kidney from healthy (no inoculation nude mice) and TJY-16-treated tumor
inoculated mice
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xenografts [33]. Here, we have demonstrated for the first
time that TJY-16 was effective in inhibiting tumor growth
and induced caspase-3 activation in the xenograft tumor
model of U87 glioma cells.
Conclusion
We have shown for the first time that TJY-16 induced
G2/M cell cycle arrest and apoptosis in U87, T98G and
U251 glioma cells both in vitro and in vivo. Both extrin-
sic and intrinsic apoptotic pathways were involved in
TJY-16-induced apoptotic cell death. TJY-16 could be a
promising agent for the treatment of malignant gliomas.
Abbreviations
FACS: fluorescence-activated cell sorting; GBM: glioblastoma multiforme;
ΔΨm: mitochondrial membrane potential; PI: propidium iodide; TJY-16: 6-
acetyl-9-(3,4,5-trimethoxybenzyl)-9H-pyrido[2,3-b]indole.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
H-CH, W-TL, K-SH and H-C H carried out the experiments and performed the
statistical analysis. P-WG, S-CK and L-JH conceived of the study and drafted
the manuscript. J-Y T, S-CK and L-JH synthesized the compounds. All authors
read and approved the final manuscript.
Acknowledgements
This study was supported by grants NSC101-2321-B-006-021 and NSC101-
2320-B-006-040-MY3 from the National Science Council.
Received: 29 August 2015 Accepted: 11 January 2016
References
1. Schwartzbaum JA, Fisher JL, Aldape KD, Wrensch M. Epidemiology and
molecular pathology of glioma. Nat Clin Pract Neurol. 2006;2:494–503.
2. Soderberg-Naucler C, Rahbar A, Stragliotto G. Survival in patients with
glioblastoma receiving valganciclovir. N Engl J Med. 2013;369:985–6.
3. Wen PY, Kesari S. Malignant gliomas in adults. N Engl J Med. 2008;359:
492–507.
4. Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, Wolinsky Y, et al.
CBTRUS statistical report: Primary brain and central nervous system
tumors diagnosed in the United States in 2006–2010. Neuro Oncol.
2013;15 Suppl 2:ii1–56.
5. Stevens MF, Hickman JA, Langdon SP, Chubb D, Vickers L, Stone R, et al.
Antitumor activity and pharmacokinetics in mice of 8-carbamoyl-3-methyl-
imidazo[5,1-d]-1,2,3,5-tetrazin-4(3H)-one (CCRG 81045; M & B 39831), a novel
drug with potential as an alternative to dacarbazine. Cancer Res.
1987;47:5846–52.
6. Kioi M, Vogel H, Schultz G, Hoffman RM, Harsh GR, Brown JM. Inhibition of
vasculogenesis, but not angiogenesis, prevents the recurrence of
glioblastoma after irradiation in mice. J Clin Invest. 2010;120:694–705.
7. Hou LC, Veeravagu A, Hsu AR, Tse VC. Recurrent glioblastoma multiforme: a
review of natural history and management options. Neurosurg Focus.
2006;20:E3.
8. Chauhan SS, Singh AK, Meena S, Lohani M, Singh A, Arya RK, et al. Synthesis
of novel beta-carboline based chalcones with high cytotoxic activity against
breast cancer cells. Bioorg Med Chem Lett. 2014;24:2820–4.
9. Daoud A, Song J, Xiao F, Shang J. B-9-3, a novel beta-carboline derivative
exhibits anti-cancer activity via induction of apoptosis and inhibition of cell
migration in vitro. Eur J Pharmacol. 2014;724:219–30.
10. Abe A, Yamada H, Moriya S, Miyazawa K. The beta-carboline alkaloid harmol
induces cell death via autophagy but not apoptosis in human non-small
cell lung cancer A549 cells. Biol Pharm Bull. 2011;34:1264–72.
11. Ashok P, Ganguly S, Murugesan S. Review on in-vitro anti-malarial activity of
natural beta-carboline alkaloids. Mini Rev Med Chem. 2013;13:1778–91.
12. Drucker G, Raikoff K, Neafsey EJ, Collins MA. Dopamine uptake inhibitory
capacities of beta-carboline and 3,4-dihydro-beta-carboline analogs of N-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) oxidation products. Brain
Res. 1990;509:125–33.
13. Fiszer-Maliszewska L, Mordarski M. Antineoplastic activity of azacarbazoles. II.
Effect of alpha-carboline and its derivatives on transplantable animal
neoplasms. Arch Immunol Ther Exp (Warsz). 1987;35:221–4.
14. Helbecque N, Moquin C, Bernier JL, Morel E, Guyot M, Henichart JP.
Grossularine-1 and grossularine-2, alpha carbolines from Dendrodoa
grossularia, as possible intercalative agents. Cancer Biochem Biophys.
1987;9:271–9.
15. Oda T, Lee JS, Sato Y, Kabe Y, Sakamoto S, Handa H, et al. Inhibitory effect
of N,N-didesmethylgrossularine-1 on inflammatory cytokine production in
lipopolysaccharide-stimulated RAW 264.7 cells. Mar Drugs. 2009;7:589–99.
16. Tsai JY, Hung CM, Bai ST, Huang CH, Chen WC, Chung JG, et al. Induction of
apoptosis by HAC-Y6, a novel microtubule inhibitor, through activation of
the death receptor 4 signaling pathway in human hepatocellular carcinoma
cells. Oncol Rep. 2010;24:1169–78.
17. DiPaola RS. To arrest or not to G(2)-M Cell-cycle arrest : commentary re: A. K.
Tyagi et al., Silibinin strongly synergizes human prostate carcinoma DU145
cells to doxorubicin-induced growth inhibition, G(2)-M arrest, and apoptosis.
Clin. cancer res., 8: 3512–3519, 2002. Clinical cancer research. 2002;8:3311–4.
18. Senderowicz AM, Sausville EA. Preclinical and clinical development of cyclin-
dependent kinase modulators. J Natl Cancer Inst. 2000;92:376–87.
19. Maddika S, Ande SR, Panigrahi S, Paranjothy T, Weglarczyk K, Zuse A, et al.
Cell survival, cell death and cell cycle pathways are interconnected:
implications for cancer therapy. Drug Resist Updat. 2007;10:13–29.
20. Zhou YH, Wu X, Tan F, Shi YX, Glass T, Liu TJ, et al. PAX6 suppresses growth
of human glioblastoma cells. J Neurooncol. 2005;71:223–9.
21. Strober W. Trypan blue exclusion test of cell viability. Current protocols
in immunology / edited by John E Coligan [et al.]. 2001;Appendix 3:
Appendix 3B.
22. Riedl SJ, Shi Y. Molecular mechanisms of caspase regulation during
apoptosis. Nat Rev Mol Cell Biol. 2004;5:897–907.
23. Esposti MD. The roles of Bid. Apoptosis. 2002;7:433–40.
24. Tsai JY, Lin YC, Hsu MH, Kuo SC, Huang LJ. Synthesis and cytotoxicity of
1,6,8,9-substituted alpha-carboline derivatives. Kaohsiung J Med Sci.
2010;26:593–602.
25. Vitale I, Galluzzi L, Castedo M, Kroemer G. Mitotic catastrophe: a mechanism
for avoiding genomic instability. Nat Rev Mol Cell Biol. 2011;12:385–92.
26. Castedo M, Perfettini JL, Roumier T, Andreau K, Medema R, Kroemer G.
Cell death by mitotic catastrophe: a molecular definition. Oncogene.
2004;23:2825–37.
27. Sliwinska MA, Mosieniak G, Wolanin K, Babik A, Piwocka K, Magalska A, et al.
Induction of senescence with doxorubicin leads to increased genomic
instability of HCT116 cells. Mech Ageing Dev. 2009;130:24–32.
28. Park WH, Seol JG, Kim ES, Hyun JM, Jung CW, Lee CC, et al. Arsenic trioxide-
mediated growth inhibition in MC/CAR myeloma cells via cell cycle arrest in
association with induction of cyclin-dependent kinase inhibitor, p21, and
apoptosis. Cancer Res. 2000;60:3065–71.
29. Wang D, Lippard SJ. Cellular processing of platinum anticancer drugs. Nat
Rev Drug Discov. 2005;4:307–20.
30. Elmore S. Apoptosis: a review of programmed cell death. Toxicol Pathol.
2007;35:495–516.
31. Li H, Zhu H, Xu CJ, Yuan J. Cleavage of BID by caspase 8 mediates the
mitochondrial damage in the Fas pathway of apoptosis. Cell. 1998;94:491–501.
32. Lin YC, Tsai JY, Yang JS, Lee YH, Hamel E, Lee KH, et al. The novel synthetic
compound 6-acetyl-9-(3,4,5-trimethoxybenzyl)-9H-pyrido[2,3-b]indole
induces mitotic arrest and apoptosis in human COLO 205 cells. International
J Oncology. 2015;43:1596–606.
33. Plowman J, Waud WR, Koutsoukos AD, Rubinstein LV, Moore TD, Grever MR.
Preclinical Antitumor Activity of Temozolomide in Mice: Efficacy against
Human Brain Tumor Xenografts and Synergism with 1,3-Bis(2-chloroethyl)-1-
nitrosourea. Cancer Res. 1994;54:3793–9.
Huang et al. Journal of Biomedical Science  (2016) 23:10 Page 11 of 11
